Introduction and aims
In the past decade, considerable progress has been made in the synthesis of chiral synthons finding application as starting materials in asymmetric transformations or in enantiomerically pure form as auxiliaries and chiral ligands in enantioselective syntheses. A large majority of these compounds are derived from readily available natural products.
In asymmetric syntheses the growing need for new chiral ligands requires new strategies to obtain the desired enantiopure catalysts. One of the ways to achieve this aim is the incorporation of chirality into ligands by using naturally-occurring optically active monoterpenes as starting materials. Monoterpenes are optically active compounds that are readily available for this purpose. Besides their commercial availability, the advantage of these molecules is that the existing chiral centers will be retained in the new molecules formed, and chirality transfer generally occurs with high stereoselectivity. Moreover, bicyclic monoterpenes possess highly constrained skeletons and these rigid structures may influence the asymmetric induction. Monoterpenes such as α-and β-pinene, camphor or pulegone are excellent starting materials in asymmetric synthesis because their stereocenters mainly remain intact in further transformations and influence the configurations of newly generated stereocenters. The use of monoterpenes as chiral pools in stereoselective syntheses provides an opportunity to develop efficient synthetic methodology for the preparation of enantioenriched optically active compounds.
The most frequently applied approach to optically active monoterpene derivatives is the transformation of the ring C-C double bond. This general mode provides an opportunity to access alicyclic β-amino acids, as valuable precursors for alicyclic 1,3-amino alcohols, diamines and aminodiols.
Besides the pharmacological importance of β-amino acids and 1,3-aminoalcohols, some natural aminodiols also exhibit marked biological activity (e.g. aristeromycin), while others may serve as starting materials for the synthesis of biologically active natural compounds (e.g. cytoxazone). Compounds containing amino carboxamide and diamine structural elements have proven antitumor or antiviral activity.
Aminodiols and diamines are also widely used as chiral auxiliaries or chiral ligands in enantioselective syntheses. The asymmetric alkylation of aldehydes by organozinc compounds has become a highly investigated C-C bond-forming reaction. It results in optically active secondary alcohols, catalyzed by chiral promoters such as 1,2-and 1,3-bifunctionalized ligands. Additionally, aminodiols are known to be excellent building blocks for the synthesis of noteworthy heterocyclic compounds. The formation of these heterocycles depends upon which hydroxy group undergoes ring closure with the amino group.
In view of the advantages of monoterpenes, our aim was to synthetize monoterpene-based 2-or 3-functionalized building blocks such as β-amino acid derivatives or aminodiols, starting from enantiopure natural monoterpenes such as (-)-myrtenol, (-)-myrtenal and (+)-3-carene.
We also set out to develop a simple synthetic route for the preparation of various monoterpene derivatives such as aminodiols and diamines, including ring-closed ones, and to apply these bi-and trifunctionalized chiral catalysts in the enantioselective addition of Et 2 Zn to various aldehydes.
Applied investigation methods
Reactions were performed on a mmol scale, and products were separated and purified by silica gel column chromatography or by recrystallization. The newly prepared compounds were characterized by their melting points, IR, NMR and mass spectroscopy and elemental analysis. The ee values of enantiomers were determined by chiral stationary-phase GC and HPLC. The stereochemistry of the compounds was identified by means of two-dimensional NMR spectroscopy (COSY, HSQC, HMBC and NOESY).
Results and discussion

Synthesis of carane-based bifunctionalized tridentate ligands
Functionalization of enantiomeric (1S)-(+)-3-carene 1 was achieved by applying simple synthetic steps, including stereoselective transformations. Novel, optically active epoxy alcohol 4 was subjected to a stereoselective epoxide ring-opening procedure, resulting in variously substituted carane-based aminodiols 5-14 (Scheme 1). Scheme 6
Application of bi-and tridentate ligands as chiral catalysts in enantioselective transformations
Optically active monoterpene-based tri-and bidentate ligands and monoterpene-condensed heterocycles were applied as catalysts in the asymmetric addition of Et 2 Zn to benzaldehyde.
The general applicability of the catalysts and the influence of structural factors on the catalytic activity were studied. In contrast, pinane-fused oxazolidines 25 and 34 displayed low chiral induction, with the formation of (R)-66 as the major enantiomer. To the best of our knowledge, this is the first use of β-amino amides as suitable catalysts in the addition of Et 2 Zn to benzaldehyde.
The efficiency of carane-fused 1,3-oxazine 31 (Scheme 7) was tested in an extended model reaction, giving both high yields and enantioselectivities up to 97% ee with S selectivity.
6. In the course of the experimental work, more than 50, structurally diverse monoterpenebased enantiopure aminodiols, alicyclic-condensed heterocycles and β-amino acid derivatives were prepared and characterized.
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